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(57) Abstract: The invention concerns a method for the distribution of data marks on a medium. The image of the data source (44) 
is recorded on an optical medium (2). The data is read out with the help of identifying marks on the detected image. The data to 
be recorded are coded with a coding which prohibits the immediate succession of data with identical states above a predetermined 
number of times. In the matrix of the data source arrays of a predetermined size and position are defined, the arrays containing 
identifying data marks and user data marks. There is also disclosed an apparatus having a two-dimensional data source (44), and an 
optical system for imaging the data source through an object beam (35) and reference beam (36) onto an optical medium (2). The 
optical medium is positioned in the Fourier plane associated with the image of the data source (44). Beside the Fourier plane of the 
hologram, the optical system comprises a further Fourier plane (51) between the data source (44) and the hologram (9), and there is 
a spatial filtering means in the further Fourier plane. 
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METHOD FOR THE DISTRIBUTION OF DATA MARKS ON A MEDIUM, 
AND METHOD AND APPARATUS FOR THE HOLOGRAPHIC RECORDING 

AND READOUT OF DATA 

5 Technical Field 

The invention relates to a method for the distribution of data marks on a medium, 
and the readout of the data in optical recording. The method of the invention may be 
applied where data coded with data marks having at least two states are generated 
with a data source having a two-dimensional matrix structure, and the image of the 
io data source is recorded on an optical medium, during readout the image of the data 
source is regenerated with an optical method, the regenerated image is detected with 
a two-dimensional detector, and the data is read out from the regenerated image 
with the help of identifying marks on the detected image. 

15 The invention also concerns an improved method and apparatus for the holographic 
recording and readout of data. This method is of the type wherein an image of a 
two-dimensional data source is recorded in a hologram on an optical medium, where 
the hologram is resulting from an interference between an object beam and 
reference beam in a Fourier-plane associated to the image of the data source (the 

20 focal plane of the imaging system), and the recorded hologram is detected with a 
two-dimensional detector during the readout. 

Background Art 

25 Among others, WO 99/57719 teaches a method and apparatus, where two- 
dimensional data arrays are holographically recorded and read out. The practical 
implementation of such systems causes several problems. One such problem is the 
exactness of the re-inserting of a removable-displaceable data storage medium, 
which greatly influences the success of the readout. It is very difficult, or often not 
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possible to ensure that the individual image pixels of the readout bitmap image falls 
always exactly on one and only one detector pixel. This problem is particularly 
serious when the re-inserted medium is rotated with a small angle relative to its 
original position, and the readout image will also be rotated on the readout detector. 

5 Due to the imaging errors in the optical system, the distance between the single 
image pixels may also vary in different parts of the image space. The large data 
density necessitates the use of detectors and data sources with a large number of 
pixels, and therefore even a rotation with a small angle results in the "creeping off" 
of certain image points of the bitmap image from the detector pixels, or sticking 

10 over to the other row or column, and therewith the regeneration of the data is very 
difficult, or impossible. For this reason, an appropriate algorithm is necessary for 
determining the associated data source image point for an image point of the readout 
bitmap. 



15 It is a further problem that in the course of the writing (recording) and readout of 
tightly spaced holograms, the edge of the imaging beam also falls on the 
neighbouring holograms (so called inter-page interference). To avoid this, the 
disturbing beams should be filtered out in the plane of the holograms with an 
appropriate aperture. This can not be realised in practice. 

20 

The object of the invention is to provide a solution to the above problems, or at least 
their partial elimination. 



Summary of the Invention 

25 

According to the invention, the problem caused by the re-inserting (re-positioning) 
is solved by a method of the type described above, where 

a, the data to be recorded are coded with a coding which prohibits the immediate 
succession of data with identical states above a predetermined number of times, 
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b, in the matrix of the data source arrays of a predetermined size and position are 
defined, the arrays containing identifying data marks and user data marks, 

c, the size of the identifying array is determined in such a manner so that the coding 
does not generate within an array containing user data marks such data sets, which 
would contain data marks identical in size and state to the data marks of the 
identifying array, and 

d, the identifying arrays are filled with identifying data marks having identical 
states. 

Preferably, the data are coded in a manner so that the image of a single data source 
matrix element contains at least one, but preferably more data bits, advantageously 1 
byte, which is coded with a grey scale. 

According to the invention, it is suggested that the readout of data from a medium 
containing data marks recorded with the inventive method is performed with the 
following steps: 

searching for the identifying arrays, and determining their position, and 
determining the position of the arrays containing the data marks relative to the 
identifying arrays. 

It has proved to be particularly advantageous, if the number of the matrix elements 
of the detector along one dimension is chosen to be a multiple of the number of the 
matrix element of the data source, preferably 2-5 times thereof. In this case it is 
foreseen that the array of the detector matrix elements belonging to a matrix element 
of the data source is identified, and the value detected by a detector element or 
elements in a central region of an array thus identified is considered as the readout 
value. This has the advantage that the least noisy, and error-ridden data are filtered 
out from an oversampled large data set, and a data reduction by a factor of 10-100 is 
performed. 
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Further, according to the invention there is suggested a method for avoiding the 
crosstalk between the holograms, in the sense of the method mentioned in the 
introduction, where during the imaging, beside the Fourier-plane of the hologram, in 
5 the imaging setup a further Fourier-plane is established between the data source and 
the hologram, and in the further Fourier-plane spatial filtering is performed. 
Preferably, the spatial filtering is performed with an aperture. For providing a 
compact optical system, it has shown to be particularly advantageous if a mirror 
were placed in the further Fourier-plane, and the aperture were constituted by the 
10 mirror. 

The invention also concerns an apparatus for the holographic recording and readout 
of data, particularly for implementing of the spatial filtering solution suggested by 
the invention. The inventive apparatus comprises a two-dimensional data source, 
15 and 

an optical system for imaging the data source through an object beam and reference 
beam onto an optical medium and for establishing an interference of the object 
beam and the reference beam on the medium. The optical medium is positioned in 
the Fourier plane associated with the image of the data source. In the sense of the 
20 invention, beside the Fourier plane of the hologram, the optical system comprises a 
further Fourier plane between the data source and the hologram, and there is spatial 
filtering means in the further Fourier plane. 

Advantageously, the optical system further comprises a further image plane 
25 associated to the data source as an object, and also comprises neutralising means for 
at least partly neutralising the Fourier peaks caused by the periodicity of the data 
source and the diffraction of the aperture of the data source. Preferably, the 
neutralising means is a random phase mask. 



WO 01/57859 PCT/HU01/0001 1 

-5- 

Brief Description of Drawings 

The invention will be now explained in more detail with reference to the enclosed 
drawings, which show non-limiting embodiments of the invention. 
Fig. 1 is a perspective view of a card used in the apparatus performing the 

5 data organising method of the invention, 

Fig. 2 is a side and top view of the card shown in Fig. 1, 

Fig. 3 shows the structure of the medium of the card show in Fig. 1 in cross 

section, 

Fig. 4a-d illustrates certain details of the data structure used on the medium, 
io Fig. 5 is a principal drawing showing the optical system realising the 

imaging improvement method of the invention, and 
Fig. 6a-b is a principal drawing of the ray propagation of the object beam and 

the reference beam in the optical system shown in Fig. 5, 
Fig. 7 illustrates the optical system of a readout head, using the imaging 

1 5 improvement method, 

Fig. 8 is a schematic optical layout of a modified optical system similar to 

that of Fig. 5, 

Fig. 9 is a schematic illustration of a polarising layer in the optical system of 

Fig. 5, 

20 Fig. 10 is a schematic illustration of the detector used in the optical system of 
Fig. 8, 

Fig. 11 is an alternative embodiment for the detector shown in Fig. 10, 
Fig. 12 and 13 illustrate the proportions of the data source and the detector in the 
optical system used to perform the data organising method of the 
25 invention. 



Best Mode for Carrying out the Invention 

The data organising method embodying the invention will be explained with a data 
structure used on the optical card 1, which is shown in Fig. 1 . The card 1 has an 
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optical medium 2, which is suitable for holographic recording. The optical medium 
2 also serves as a mechanical base layer, which carries an optical layer structure 3. 
The specific physical data storage medium is actually the optical layer structure 3. 
The optical card 1 is recorded and read by an optical recording apparatus, which is 
5 not shown here. The apparatus comprises a suitable write/read optical unit. Certain 
details of the write-read optical unit will be explained below, together with the 
explanation of the second inventive method. 



The card 1 may be multiply written (recorded), read and erased, which latter is 
10 ensured by the material of the storage layer in the optical layer structure 3. There is 
a separate carrier (substrate) layer 5 within the optical layer structure 3 on the 
optical medium 2. The carrier layer 5 provides an optical quality surface, and it is 
attached to the surface of the card with a bonding layer 4. The carrier layer 5 is 
covered with a mirror layer 6, the storage layer 7 and the protective layer 8. The 
15 card 1 is sized as a standard credit card, but other sizes are also applicable. In the 
figures, the layer structure 3 stands out from the plane of the card 1, but it is not 
necessary. Optionally, the top layer of the layer structure 3, i. e. the protective layer 
8 may completely flush with the plane of the card 1, or may be even below this 
plane. In this case the medium 2 is sunk into the card 1 . 

20 

Around the square 10 reserved for the writing, there is a frame 1 1 approx. 0,5 
millimetres wide. The frame 1 1 serves the positioning of the card 1, as will be 
explained later. Beyond the positioning frame 1 1 there is a further region 12, also 
approx. 0,5 millimetres wide, where the optics may still move when searching for 
25 the positioning frame 1 1. The regions outside the square 12 on the medium 2 are not 
used. The size of the square 12 is approx. 12x12 millimetres. The mechanical and 
optical tolerances prescribed for the medium 2 should be kept within this area of 12 
x 12 millimetres . It is also sufficient to make the optical layer structure 3 within the 
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square 10, and the layers structure 3 need not extend beyond the borders of the 
square 10. 

The data are stored in the system organised into blocks 13 (pages). Each block 13 
consists physically of a single hologram 9, which is recorded with a single writing 
pulse. The optical system records or reads simultaneously a complete block 13. The 
data are organised in a simple file structure within the blocks 13. 

Within the square 10, the blocks 13 are arranged geometrically in a predetermined 
manner. In the present case a square matrix arrangement is shown, which practically 
fills out the square 10. However, the blocks 13 may be of other form, e.g. 
hexagonal, and thus they may fill out the complete medium 2 in a honeycomb 
fashion. 

Preferably, a block 13a is reserved for the storage of the actual system data of the 
card, which block 13a is positioned in a well-defined location, e. g. in a comer of 
the recordable area. This is the so-called description block, which contains the data 
relating to the card 1 , as the blocks recorded during each writing operation, and the 
faulty blocks. The blocks recorded beside each other at the same time constitute a 
simple file system, and the name, length and physical location of the files is 
recorded in the description block. When inserting the card 1, the system first reads 
this block, and if the card has been recorded on, then the system deletes and re- 
writes this data block. The control program protects the areas already recorded. 

The first inventive concept concerns essentially the distribution of the data of such a 
block 13, which is recorded with a single hologram 9. This is illustrated in Figs. 4b, 
4c and 4d. According to the invention, the data is coded with data marks having at 
least two states, with other words, the image pixels stored in the hologram represent 
at least one bit. It is most easy to detect these, because the detected light intensity 
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associated to an image pixel need only be compared with a threshold value. With a 
holographic material having a greater dynamic range and/or smaller scattering, it is 
theoretically possible to store several bits in a single image pixel. As shown in Fig. 
4c, in this embodiment a four-level grey scale is used (white, light grey, dark grey 
5 and black), which allows the storage of two bits in each image pixel. With an 
appropriate material it is possible to store up to 1 Byte in each image pixel. 

Returning now to the structure of the data stored in the hologram 9, Fig. 4b and 4c 
show that the data were generated with a data source having a two-dimensional 

10 matrix structure. Fig. 4b may be regarded as the schematic illustration of the data 
source itself, or as the reconstructed image stored in the holograms 9 imaged on the 
detector of the write-read system, and appearing on the detector as an image 
(intensity distribution). The two-dimensional data source is an SLM (Spatial Light 
Modulator) matrix, the image of which is recorded on the optical medium, i. e. in 

is the holograms on the card 1. During the readout, the image of the data source is 
regenerated with an optical method, and the regenerated image is detected with a 
two-dimensional detector having a matrix structure, i. e. the bitmap generated by the 
SLM is regenerated from the holograms, and it is imaged on a CCD detector. The 
task is to identify the location of the image pixels on the imaged bitmap, because it 

20 is necessary for the retrieval of the original data from the image thus generated. 

Therefore, it is foreseen to proceed as follows: The data appearing in the bitmap 
generated by the SLM, that is the data to be directly physically recorded are coded 
with a coding which prohibits the immediate succession of data with identical states 
25 above a predetermined number of times. Among others, the known Hamming and 
Reed-Solomon error correction codes exhibit this property. This prevents the 
appearance of areas on the bitmap, which would consist of only dark or only light 
image pixels. 
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Further, in the matrix of the data source arrays of a predetermined size and position 
are defined, the arrays containing identifying data marks and user data marks. As it 
is clearly seen in Figs 4b and 4c, the total image 9b consists of several identical sub- 
blocks 14. In the central part of the block 13, four sub-blocks (2x2) are omitted, for 
5 reasons of the optical setup, which will be explained later. A larger part of the sub- 
blocks 14 consist of the data array 1 5, but an area in a comer of the sub-block 14 is 
designated as an identifying array 16. The actual data, i. e. the user data are stored in 
the data array 15. The size of the identifying array 16 is determined in such a 
manner so that the coding may never generate within a data array 15 such data sets, 
10 which could possibly contain data marks identical in size to data marks the 
identifying array 16, where all data marks would have identical states. 

The identifying arrays 16 are filled with data marks having identical states. These 
are the identifying data marks, and no useful user data is associated with the 

15 identifying data marks. With other words, the image pixels 17 in the identifying 
arrays 16 have uniformly the same state, e. g. they are all light (see Fig. 4d). In the 
shown embodiment, the complete SLM matrix contains 320 x 240 pixels (image 
points or image pixels). Within those, an area of 300 x 200 pixels is used for data 
coding. The size of the sub-blocks 14 is 25 x 22 pixels, and an identifying array 16 

20 consisting of 5 x 5 pixels is defined within those (in the upper left comer in the sub- 
block 14 shown in Fig. 4c). 

The data distributed in this manner are read out according to the invention with a 
method, where the identifying arrays 1 6 are searched for and their position is 
25 determined, and thereafter the position of the data arrays 1 5 are determined relative 
to the identifying arrays 1 6. This is done by first searching with the optics for the 
frame 11, and thereby fixing the co-ordinate system of the optical system relative to 
the square 1 0 on the medium 2 of the card 1 , with a certain accuracy. Thereafter, 
the movement and control system of the readout optics should be able to find a 
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hologram with a certain address. The positioning accuracy of the readout optics is 
sufficient for the readout optics to find a 13 a block with an arbitrary address, and to 
image its content, i. e. the image of the stored hologram 9 onto the detector of the 
write/read system. Thereafter, a correlation algorithm identifies the location of the 
5 identifying arrays 16, which have a size of 5x5 pixels, and having a uniform 
content. More precisely, the correlation algorithm identifies those CCD detector 
pixels which are associated to the image points of the identifying array 16. Knowing 
the location of the identifying arrays 16, it is possible to calculate by linear 
interpolation from the data of the image points 1 7 of two neighbouring identifying 
10 arrays 16 the location of those CCD-detector pixels which are associated to the 
image points 18 between the two neighbouring identifying arrays 16. 

It is preferable that the identifying arrays 16 should be close enough to each other, 
so that the distortion between two neighbouring identifying arrays 16 is small 
15 enough for the interpolation to define unequivocally the detector pixels associated to 
each image points 18. 

If the rotation of the card is safely known to be small enough, then the location of 
the single image points 18 may be defined around an identifying array 16 based only 

20 on that single identifying array 16. In this case the identifying array 16 is defined 
not in a corner of the sub-block 14, but in its centre, because in this manner the 
distance is smallest from the given identifying array 1 6 to the image point 1 8 being 
farthest from the identifying array 16 from the position of which its location have 
been calculated. In a given case the location of the image points 1 8 may be 

25 determined so that its location is determined from two neighbouring identifying 
array 1 6, but independently from the position of the other identifying array, and if 
the distance between the two results remains within a predetermined value, the 
location between the two is considered as the real location. If the difference is too 
large, the card is mechanically re-positioned relative to the optics. 
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The accuracy of the readout may be greatly improved according to the invention, if 
the number of the matrix elements of the detector along one dimension is chosen to 
be a multiple of the number of the matrix elements of the data source, preferably 2-5 
5 times thereof. This results in covering an image point restored from a hologram with 
a group of detector pixels. 

Therefore, it is foreseen to identify the array of the detector matrix elements 
belonging to a matrix element of the data source, particularly, the array of the 

10 detector matrix elements associated to the image points 17 of the identifying array 
1 6. This may be done as the result of the correlation calculation performed to find 
the location of the identifying array 16, as mentioned above. The value detected by a 
detector element or elements in a central region of a pixel block thus identified is 
considered as the readout value. For example, if the number of the readout CCD 

is detector pixels is five times of the number of the pixels of the data source SLM 
along one side (i. e. 5x5 = 25 times on the total surface), then a single image point 
17 falls on an area of 5x5 pixels on the CCD detector. This is illustrated with 
reference to Figs. 12 and 13, which are on the same scale. An image of a data source 
image point 18 or 17 shown in Fig. 12 (practically, a single element of the data 

20 source SLM) is imaged on a group of pixels 27, see Fig. 13. Apparently, the data 
source image point 18 or 1 7 corresponds to a group of pixels 27 consisting of 5x5 
pixels. Due to the inaccuracy of the imaging, the intensity value detected by the 
edge pixels may be rather uncertain. As shown in Fig. 13, the intensity detected by 
the corner pixels differs from the theoretical intensity value (in Fig. 13 the detected 

25 intensity is illustrated with the colour of the pixels 27). However, the inner pixel 
group 28 of 3x3 pixels is likely to detect a white image point only (in the shown 
example, only the upper right comer of the inner group 28 is affected with noise). 
The innermost single pixel 29 will practically safely detect the intensity of the 
associated image point. If the optical imaging is sufficiently good, at least a pixel set 
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of 3x3 pixels may be identified from the theoretical pixel set of 5x5 pixels. Using 
the central pixel therefrom for the purposes of the linear interpolation, the CCD- 
pixels associated to the intermediate image points 1 8 may be determined with 
sufficient accuracy, at least so much that the central pixel of the detector pixel 
5 groups of 3x3 (or 5x5) pixels would indeed detect the intensity of the sought image 
point, where the pixel groups were associated to the image points by calculation. 



As mentioned above, the holograms 9 containing the data are surrounded by the 
10 frame 1 1 . During the search, first this frame 1 1 is found, and therewith the co- 
ordinate systems of the card and the moving system, and thus co-ordinate system of 
the optics fixed to the moving systems are associated with each other. Then we seek 
the identifying arrays 16 relative to a comer of the detector matrix. The identifying 
arrays 16 then identify the exact position of the images 9b reconstructed from the 
15 holograms 9. 

The write/read unit is controlled by an external or internal microprocessor, which 
operates with a system software implementing the above method. The writing and 
reading commands, the data to be written and the area for writing is issued to the 

20 write/read system from the microprocessor. The error correction coding and 

decoding may be performed by the microprocessor, but it is more advisable to use a 
suitable dedicated hardware (e. g. for the Hamming and/or Reed-Solomon coding, 
in order to maintain an appropriate transfer rate). This dedicated hardware is 
responsible for improving the final data read BER (bit error rate) to a value of at 

25 least 10" 12 from a raw BER of approx. 10 2 -10 3 . 



The write-read unit may contain a protection module which prevents the erasure of 
the data during readout. This may be necessary because with certain storage 
materials the reference beam may delete a part of the recorded signal during the 
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readout. After a certain number of readouts, the signal level may deteriorate so that 
the data can not be read. The protection module is charged with the task of 
measuring the signal level of the holograms during the readout, and if the readout 
signal level should fall below a critical level, than the protection module proceeds to 
5 refresh (delete and re-write) the information in the hologram. 

In the following, the method for the holographic recording and readout of data 
according to the invention is presented. This is a method where an image of a two- 
dimensional data source is recorded in a hologram on an optical medium. (In the 

10 example shown above, the two-dimensional data source is an SLM matrix.). The 
recorded hologram is resulting from an interference between an object beam and 
reference beam in a Fourier-plane associated to the image of the data source. In the 
present case the optical medium is the optical card 1 . During the readout, the 
recorded hologram 9, more precisely, the image 9b restored from the hologram 9, is 

15 detected with a two-dimensional detector. According to the inventive method, 
beside the Fourier-plane of the hologram, a further Fourier-plane is established 
between the data source and the hologram in the imaging setup. In this further 
Fourier-plane spatial filtering is performed. The invention is illustrated by 
presenting the apparatus for implementing the method. 

20 

The write/read unit of the card write/read system, which was mentioned in the above 
example, and which is not shown here in more detail, comprises the optical system, 
which is shown schematically in Fig. 5. The light source of the optical system is 
constituted by a laser 3 1 , in the present example a green diode laser. The beam of 
25 the laser 31 has a Gaussian distribution, and the beam is expanded by a spherical 

beam expander 32 to an appropriate size. In order to achieve a better wavefront, it is 
also possible to apply spatial filtering in this location with the pinhole method. 
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Instead of a green laser, a blue diode laser is also contemplated, particularly a DPSS 
(Diode-Pumped Solid State) laser. 

The beam is divided into two beams with appropriate intensity by the neutral beam 
5 splitter cube 34, namely into an object beam 35 and a reference beam 26. 
Optionally, the intensity ratio between the object and reference beams may be 
modified with the division ratio of the beam splitter cube 34. 

The object beam 35 and the reference beam 36 propagates along the sides of a 
10 rectangle, and the opposing sides of the rectangle constitute the two arms of an 

interferometer. The beam diversion on the three corners of the rectangle is made by 
the plane mirrors 37,38 and 40, having dielectric mirror layers. With the appropriate 
adjustment of the side lengths of the rectangle, the equal length of the optical path 
of the object and reference beams until the layer structure 3 may be ensured. 

15 

In the object beam arm, the expanded object beam 35 having a Gaussian distribution 
is transformed into a homogenous plane wave with the beam forming optics 39. 
This latter is a single piece lens with two aspheric surfaces. Similarly, in the 
reference arm the expanded Gaussian beam is transformed into a homogenous plane 

20 wave with the beam forming optics 40. The homogenous beam is compressed to the 
appropriate size with a spherical beam converter 41. Optionally, the aspheric beam 
forming optics 40 may be omitted, or substituted by a plane parallel plate, which 
allows the use of an illuminating beam having a Gaussian profile in the reference 
arm. In this case this factor must be taken into consideration when the beam 

25 converter 41 is designed. 

In the reference arm, there is a further mirror 43 following the beam converter 41 , 
followed by a square aperture 42. The aperture 42 is imaged onto the card 1 with the 
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reference beam 36. In the present case the used aperture 42 has the form of a square, 
but apertures in the form of a circle or other shape could be equally applicable. 
The coupling of the object beam 35 and the reference beam 36 is done along one 
side of the rectangle. The object beam 35 is coupled onto the SLM 44 with the 
mirror 38. The SLM 44 constitutes a two-dimensional data source ( in the presented 
embodiment an LCD-based transmission mode SLM is used). The hologram of the 
active area of the SLM 44 is recorded on the card 1, in the recording layer 7 of the 
layer structure 3. 

The optical axis of the Fourier holographic optics, which provides an object/image 
imaging, is perpendicular to the beams illuminating the 44 SLM and the aperture 42. 
The SLM 44 constitutes the object of the holographic optical system, while the 
aperture 42 serves as the reference of the holographic optical system. 

The principle of this Fourier holographic system is shown in a folded-out position in 
Figs. 6a and 6b. The object/image arm, which is constituted by the object beam 35, 
is realised as a so-called 8f system, and it is shown in Fig. 6a. This object arm also 
comprises the polarising splitter prisms 45 and 46 (the polarising splitter prisms are 
not shown in the Figs. 6a and 6b, because they have no role in the imaging itself, 
but only serve the coupling of the object and reference beams into the optical path. 
The write/read system comprises two identical Fourier objectives 47 and 48. There 
is a mirror in each Fourier plane (focal plane) 49 and 50 of the Fourier objectives 47 
and 48, so in this manner it is possible to use only two Fourier objectives for the 8f 
system, instead of the four objectives that are theoretically required. The first mirror 
is the mirror 51, which is also used as the spatial filtering means. The other mirror is 
the hologram 9 itself, which is recorded in the layer structure 3 of the holographic 
card, and the mirror layer 6 below the hologram 9 in the layer structure 3 (see also 
Fig. 3.). As it is apparent from Fig. 5, the splitter prisms 45 and 46 are between the 
two Fourier objectives 47 and 48. 
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The reference arm, which is constituted by the reference beam 36, is a so-called 4f 
system (see also Fig. 6b), which images the image of the reference aperture 42 onto 
the hologram 9. The system comprises two Fourier objectives, which are different in 

5 design and focal length. The first Fourier objective 52 is a single piece optics, and it 
is located between the reference aperture 42 and the coupling polarising splitter 
prism 45. The second objective is common with the second Fourier objective 48 of 
the object/image arm. With the appropriate selection of the focal lengths of the 
Fourier objectives 52 and 48, the reference aperture 42 may be imaged onto the 

10 holographic card 1 with suitable magnification or reduction. 

The object beam 35 and the reference beam 36 is coupled together through the first 
polarising splitter prism 45. The polarising splitter layer 53 deflects the object beam 
35 upwards, towards the first Fourier objective 47, while the reference beam 36 is 
15 directed downwards, towards the common focal plane of the Fourier objectives 52 
and 48. 

The SLM 44 constituting the object is positioned in the first focal plane of the 
optical imaging system embodied by the first Fourier objective 47. A mirror 51 is 

20 placed in the rear focal plane, in the so-called Fourier plane. In the presented 

embodiment the mirror 51 is a plane mirror of with a predetermined size. Compared 
with the previously known solutions, the optical system was modified by creating a 
further Fourier plane, beside the necessary Fourier plane for creating the hologram 
itself. This further Fourier plane is formed before the hologram on the optical path. 

25 The mirror 5 1 is placed in this further Fourier plane. 



During the writing of the holograms, the mirror 51 serves as a spatial filtering 
means in the holographic optical system, with other words, as the aperture 
diaphragm. The importance of this spatial filtering means lies in the fact that it 
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substitutes in effect an aperture in the plane of the hologram 9, where otherwise it is 
not possible to place an aperture, due to the dimensional constraints of the optical 
system. Thereby the mirror 5 1 as a limiting aperture reduces the light falling on the 
neighbouring holograms. With other words, this spatial filtering reduces the so- 
5 called inter-page interference. Beside, the aperture effect contributes to the filtering 
out of scattered light, and also limits the cone angle of the recording object beam. 

As a further benefit, with suitable sized mirror 51 and appropriately designed optical 
system, the disturbing Fourier components may be filtered out from the object beam 
10 35. For example, the periodic structure of the SLM 44 appears as a grid in the 
imaging optics. This grid causes large peaks in the Fourier plane. If these large 
peaks falls on the hologram, they significantly decrease the achievable SNR of the 
hologram. However, it is possible to filter out some of these large peaks with the 
mirror 51. 

15 

It is a further advantage that this spatial filtering also influences the achievable data 
density, because the size of the mirror 51 is exactly equal to the size of the recorded 
hologram. With other words, a smaller mirror results in a smaller hologram. With an 
equal sized SLM, a smaller hologram means larger data density. Of course, there is 
20 an upper limit to the data density achievable with this method, because the 

resolution of the imaging is also decreased with the filtering out of the Fourier 
components. 

Finally, it must be mentioned that the system allows the design of an optical system 
25 having two completely identical Fourier objectives. Therefore, the specific 

manufacturing costs of the optical system may be smaller. Generally, the splitter 
prisms also have a simpler construction, as compared with the known solutions, e. g. 
the optical system known from W099/57719. 



WO 01/57859 



PCT/HU01/00011 



- 18- 

The Fourier-objectives 47 and 48, the mirror 51 and the hologram 9 constitutes a 
symmetrical optical system, and in the middle part of this system (between the 
polarising splitter prisms 45 and 46) a real image of the SLM 44 is created. In this 
image plane a random distribution phase mask 53 is placed, with a pixel 

5 arrangement. The position, size and number of the pixels of the phase mask 53 is the 
same as the corresponding data of the SLM 44. The phase mask 53 adds a random 
phase shift in the object beam 35, which is changing at every pixel. With this phase 
mask 53 the appearance of the large Fourier components is prevented, which would 
result from the periodicity of the bitmap image written onto the SLM 44, and those 

10 large components are also eliminated, which results from the diffraction on the 
aperture of the SLM 44, appearing around the zero spatial frequency. 

The Fourier transform of the aperture 42 in the reference arm appears in the middle 
of the phase mask 53. For this reason, there is no phase modulation in a central 
1 5 region of the phase mask 53 . 

However, it is also possible to use for the Fourier filtering of the reference beam 36 
a second phase- and/or amplitude mask on the surface of the phase mask 53, so that 
this second mask is independent from the peripheral" phase mask used by the 
20 object beam 35. 

\ 

Following the phase mask 53, the object and reference beams propagate through the 
second polarising splitter prism, and the second Fourier objective 48, in order to 
generate/reconstruct/erase the hologram on the card. During readout, the 
25 reconstructed image of the hologram 9 is imaged through the second Fourier 

objective 48, and it is deflected towards the detector matrix by the second polarising 
splitter prism 46. The detector matrix or array is realised in this embodiment by the 
CCD detector matrix 54. After the polarising splitter prisms there are X/4 plates 55 
and 56, which perform a linear-circular, and circular-linear polarisation 
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transformations, respectively. Thereby the light going through the A74 plate 55, 
being reflected on the mirror 51, and again going through the A74 plate 55 will have 
a linear polarisation, perpendicular to its previous state of polarisation. 

5 In the polarising layer 57 of the second splitter prism 46, which is closer to the card 
1, there is a small central region 61 without a splitter layer. This also shown in Fig. 
9. This central region 61 serves for the lead-through of the reference beam 36. In 
this manner the reference beam 36, which propagates towards the card 1 with an 
orthogonal polarisation relative to the object beam 35, will go through the splitter 
10 layer 57 without reflection. With other words, there is a separate channel in the 

optics for the propagation of the reference beam 36, and this channel comprises two 
principal elements: the non-modulating region 60 in the centre of the phase mask 
53, and the region 61 without the splitter layer formed in the polarising splitter layer 
57 of the polarising splitter prism 46. 

15 

The reference beam 36, which is reflected from the card 1 without diffraction, and 
other components thereof reflected from the lens surfaces will not reach the 
detector, because these will pass twice through the A/4 plate. Even so, a further 
polarising filter may be placed before the CCD detector matrix 54, in order to filter 
20 out eventual scattered light. 

In the optical system the state of polarisation of the various beams are as follows: 
The light is emitted from the laser 3 1 with linear polarisation. This polarisation is 
initially unchanged as linear polarisation, both in the object arm and in the reference 
25 arm. 



Following the first X/4 plate 55, the light turns circularly polarised, and following 
the first polarising splitter prism 45, the object beam 35 and the reference beam 36 
will be linearly polarised, perpendicularly to each other. After the second X/4 plate 
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56 the object beam 35 and the reference beam 36 will be circularly polarised, again 
perpendicularly to each other. The object beam 38 returning from the hologram will 
be linearly polarised after the second polarising splitter prism 46. 

As mentioned above, in order to determine the position of the holograms 9, there is 
a positioning frame 1 1 outside the data area on the holographic storage card 1 . 
When the card 1 is inserted, the read hed measures the position of the frame 1 1 , and 
this is considered as the frame of reference during movement. The position of the 
individual holograms 9 to be recorded are determined relative to this frame 11, and 
during readout, the search for the other recorded holograms 9 is done relative to the 
frame 11. This frame 1 1 may have a non-reflective surface in a reflecting 
background, or the frame 1 1 may be reflecting with a non-reflecting background. 
During the search for the positioning frame 11, only the central region 60 of the 
SLM 44 is used (see also Fig. 4b). The pixels in the central region 60 are those, 
which are imaged onto the central region of the phase mask 53, i.e. onto the region 
where the reference beam 36 goes through. During the search for the frame 1 1, 
these pixels are turned „on", i. e. full light intensity is going through the pixels. 
Since there is no phase modulation in the central region of the phase mask 53, there 
will be a sharp focal point (a Fourier peak) on the card 1 . This focal point is 
determined by the illuminated central region 60 of the SLM 44. The diameter of this 
focal spot is approx. 5-10 |im. The search for the frame 1 1 is done with the help of 
this focal spot, in the following manner: Moving the focal spot across the frame 1 1, 
the total intensity falling on the detector matrix is monitored. When the focal spot of 
the optical system reaches the frame 1 1 , the total intensity measured on the CCD 54 
will significantly increase (or decrease, depending on the design of the frame 1 1 and 
its background). The position of the frame 1 1 may be determined with great 
accuracy (± 2 nm), based on the maximal total intensity measured by the CCD 
detector matrix 54 in the different points of the medium 2 on the card 1. 



WO 01/57859 



PCT/HU01/00011 



-21 - 

Fig. 7 shows the optical system of a readout head which is used to read information 
stored on the optical card 1 . This system is different from the one shown in Fig. 5 in 
several respects. Firstly, there is no object arm, and therefore there is no SLM. This 
optical system is used for readout only. Secondly, a separate laser is used for 
positioning the optical head relative to the optical medium. 

The reference beam 36 is coupled onto the holograms 9 in a similar manner as in the 
optical system above, i. e. with the help of a polarising splitter prism 46 having a 
polarisation layer 57 with a central region 61, where the central region 61 is without 
polarisation properties (see Fig. 9). 

The optical system of Fig. 7 works as follows: 

The reference laser module 131 emits a Gaussian beam, which may be expanded to 
appropriate size by an optional beam expander 132. This beam is linearly polarised, 
with appropriate direction, so that the reference beam 36 will be reflected on the 
polarising layer 53 of the splitter prism 45. The reference beam is deflected into the 
reference aperture 42 by the mirrors 37 and 43. The reference aperture 42 has a 
rectangular diaphragm, however, other forms are also applicable. Typically, circular 
apertures are also usable. 

The collimated reference beam is focussed into the focal plane 153 of the Fourier 
objective 48 with the spherical lens 52. Following the lens 52 a plane parallel plate 
143 is used to adjust optical axis of the reference beam 36. This is done by slightly 
tilting the plane parallel plate 143. In this manner the optical axis of the reference 
beam 36 may be adjusted with great accuracy. 

There is a separate laser diode 133, which is used solely for the searching of the 
frame 1 1 during the initial setup, described above with reference to Fig. 5. Since the 
reference beam 36 is not focussed on the medium 2 of the card 1, in the absence of 
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the object beam there is need for an other light source which is focussed on the 
plane of the frame 1 1 by the lens 147. An aperture 151 limits the beam size of the 
search beam. 

5 The beam of the laser diode 133 is linearly polarised, with appropriate direction, so 
that the search beam 35 will be transmitted through the polarising layer 53 of the 
splitter prism 45. 

The search beam 35 and the reference beam 36 is coupled together with the 
io polarising splitter prism 45. The polarising layer 53 transmits the search beam 35, 
while deflects the reference beam 36 towards the card 1 . 

The reference arm is realised as a 4f optical system, which images the image of the 
reference aperture 42 onto the holograms 9. The system comprises two different 

15 Fourier objectives, with different focal length. The first objective 52 is a single 
element lens, between the aperture 42 and the coupling prism 45. The second 
objective is common with the second objective 48 of the object/image arm of the 4f 
system. With suitable selection of the focal lengths of the Fourier objectives, the 
reference aperture may be imaged onto the holographic card 1 with the desired 

20 magnification. 

The reference beam 36 is collimated by the Fourier objective 28, in order to 
generate a plane wavefront on the card. The image of the reference aperture 12 will 
function as the diaphragm on the card. 

25 

Following the first splitter prism 45, the search beam 35 and the reference beam 
pass through the second splitter prism 46 (the search beam is used only during the 
position setup, i.e. when the frame 1 1 is found and located). The reference beam is 
reflected from the hologram 9, and the stored image in the hologram is 
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reconstructed. The reflected beam passes once more through the second splitter 
prism 46, and it is deflected towards the detector matrix 54, while the reference will 
pass through the central region 61 of the polarising layer 57. A relay lens system 
141 is used to position the detector matrix 54 in a convenient distance from the 
5 splitter prism 46. 

Below the second splitter prism 46, there is a X/4 layer 56, which performs a linear- 
circular, and on return a circular-linear polarisation transformation. As a result, the 
beam leaving the splitter prism 46 will be linearly polarised, perpendicularly to its 
previous polarisation direction. 

10 

From the above it is apparent that there is a separate channel in the optical system 
for the reference beam 36, similarly to the setup shown in Fig. 5. 

Fig. 8 shows a modified embodiment of an optical system, which functions similarly 
15 to the system of Fig. 5. This is an optical system containing both an object beam 35, 
and a reference beam 36, but the data source is a reflection mode SLM 144. 
Therefore, it is not possible to couple the object beam 36 into the system through the 
SLM 144. Instead, the first splitter prism 45 is used for this purpose. Accordingly, 
the refernce beam 36 must be coupled into the system elsewhere. In the proposed 
20 embodiment, a detector matrix 154 is used for this purpose. This detector matrix 
154 comprises an opening 62 in a central region, where the reference beam 36 can 
pass through. This is also an 8f system, with a spatial filtering element, the mirror 
51 in one of the Fourier planes. In an intermediate image plane a random phase 
mask 53 is placed, with the same function as the mask 53 in Fig. 5. Some parts of 
25 the beam shaping optics are not shown in Fig. 8. The other elements having the 
same reference number are identical in function to those in Fig. 5. 

The detector matrix 1 54 may be realised with four distinct rectangular detectors 
154A-D, in the configuration shown in Fig. 1 1. 
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The invention is not limited to the shown embodiments. The data storage medium 
could be a disk or tape instead of the card, and the data identifying method 
according to the invention may be used with non-holographic optical data storage as 
well. The two-dimensional data source and the two-dimensional detector may have 
a number of suitable alternative embodiments, which are apparent for the skilled 
person, e. g. a micromirror device as data source, or a CMOS detector as the 
detector matrix. The identifying array need not be in a comer of the user data array, 
but may be in a central position. The aperture used for the spatial filtering in the 
further Fourier plane may have various shapes, e. g. rectangular, particularly square, 
or circular, hexagonal or other complex shape. 
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Claims: 

1. Method for the distribution of data marks on a medium in optical data storage, 
where data coded with data marks having at least two states are generated with a 
5 data source having a two-dimensional matrix structure, and 

the image of the data source is recorded on an optical medium, and 
during readout the image of the data source is regenerated with an optical method, 
the regenerated image is detected with a two-dimensional detector, and the data is 
read out from the regenerated image with the help of identifying marks on the 
10 detected image, 

characterised in that 

a, the data to be recorded are coded with a coding which prohibits the immediate 
succession of data with identical states above a predetermined number of times, 

b, in the matrix of the data source arrays of a predetermined size and position are 
15 defined, the arrays containing identifying data marks and user data marks, 

c, the size of the identifying array being determined in such a manner so that the 
coding does not generate within an array containing user data marks such data sets, 
which would contain data marks identical in size and state to the data marks of the 
identifying array, and 

20 d, the identifying arrays are filled with identifying data marks having identical 
states. 

2. The method of claim 1, wherein the data mark recorded on the medium as the 
image of a single data source matrix element contains at least two data bits, coded 
25 with grey scale. 



3. Method for the readout of data from a medium containing data marks recorded 
according to the method of claim 1 or 2, wherein the identifying arrays are searched 
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for and their position is determined, characterised in that the position of the arrays 
containing the data marks are determined relative to the identifying arrays. 

4. The method of claim 3, wherein the identifying arrays are searched for with a 
correlation determining method. 

5. The method of claim 3 or 4, wherein the number of the matrix elements of the 
detector along one dimension is chosen to be a multiple of the number of the matrix 
elements of the data source, preferably 2-5 times thereof. 

6. The method of any one of the claims 3 to 5, wherein the holograms containing the 
data are surrounded with a frame, and searching first for the frame, and searching 
for the identifying arrays which identify the exact position of the holograms relative 
to a predetermined point of the frame. 

7. The method of any one of the claims 3 to 6, wherein the array of the detector 
matrix elements belonging to a matrix element of the data source is identified, and 
the value detected by a detector element or elements in a central region of an array 
thus identified is considered as the readout value. 

8. Method for the holographic recording and readout of data, wherein an image of a 
two-dimensional data source is recorded in a hologram on an optical medium, where 
the hologram is resulting from an interference between an object beam and 
reference beam in a Fourier-plane associated to the image of the data source, and 
the recorded hologram is detected with a two-dimensional detector during the 
readout, characterised in that beside the Fourier-plane of the hologram, in the 
imaging setup a further Fourier-plane is established between the data source and the 
hologram, and in the further Fourier-plane spatial filtering is performed. 
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9. The method of claim 8, wherein the spatial filtering is performed with an 
aperture. 

10. The method of claim 8 or 9, wherein a mirror is placed in the further Fourier- 
plane, and the aperture is constituted by the mirror. 

11. The method of any one of claims 8 to 10, wherein the further Fourier-plane is 
established in the object beam. 

12. Apparatus for the holographic recording and readout of data, having a two- 
dimensional data source, and 

an optical system for imaging the data source through an object beam and reference 
beam onto an optical medium and for establishing an interference of the object 
beam and the reference beam on the medium, where the optical medium is 
positioned in the Fourier plane associated with the image of the data source, 
characterised in that 

beside the Fourier plane of the hologram, the optical system comprises a further 
Fourier plane between the data source and the hologram, and there is spatial 
filtering means in the further Fourier plane. 

13. The apparatus of claim 12, wherein the spatial filtering means is an aperture. 

14. The apparatus of claim 12 or 13, comprising a mirror in the further Fourier 
plane, where the aperture is constituted by the mirror. 

15. The apparatus of any one of claims 12 to 14, wherein the optical system further 
comprises a further image plane associated to the data source as an object, and 
comprising neutralising means for at least partly neutralising the Fourier peaks 
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caused by the periodicity of the data source and the diffraction of the aperture of the 
data source. 

16. The apparatus of claim 12, wherein the neutralising means is a random phase 
5 mask. 

17. The apparatus of claim 16, wherein the reference beam is directed through a 
centrally positioned region of the phase mask, and this region of the phase mask is 
devoid of phase modulation. 

10 

1 8. The apparatus of claim 12, wherein the object arm of the optical system is an 8f 
system comprising two identical Fourier lenses. 

19. The apparatus of claim 12, wherein the reference arm of the optical system is a 
1 5 4f system comprising two different Fourier lenses. 

20. The apparatus of claim 12, wherein the optical system comprises a polarising 
splitter prism having a polarising layer, and the polarising layer comprising a central 
region without polarising and/or splitting properties. 

20 

21 . The method of claim 8, wherein the size of the hologram and thereby the data 
density is adjusted with the size of the mirror aperture positioned in the further 
Fourier plane and/or with the size of a reference aperture. 

25 22. The method of claim 6, wherein a search beam is generated by focussing image 
points of the data source onto the storage medium. 
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23. The method of claim 22, wherein an optical system according to claim 17 and 
claim 20 is used, and the search beam is directed through the central region of the 
phase mask and the central region of the polarising layer. 

5 24. The method of claim 22, wherein the positioning frame is placed in a Fourier 
plane of the optical system of the search beam, and the crossing of the positioning 
frame is detected by monitoring the total intensity of the reflected search beam, and 
detecting a sharp change in the monitored intensity. 

10 25. The apparatus of claim 12, wherein the optical system comprises a detector 
arrangement with a central opening. 

26. The apparatus of claim 26, wherein the detector arrangement comprises four 
rectangular detectors arranged around a central opening. 

15 

27. Apparatus for the holographic readout of data, having an optical system with a 
reference arm for imaging a reference beam onto a holographic medium, and for 
reconstructing an image of a data souce from a hologram recorded in the optical 
medium, and for imaging the image of the data source onto a detector matrix, 

20 wherein 

the optical system comprises a polarising splitter prism having a polarising layer, 
and the polarising layer comprises a central region without polarising and/or 
splitting properties, and 

the reference beam is directed through said central region of the polarising layer. 
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